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Description
TECHNICAL FIELD
[0001] The present invention relates to a liquid crystal display and a liquid crystal composition comprised thereof.
DISCUSSION OF RELATED ART

[0002] In general, aliquid crystal display may include a first substrate including a plurality of pixel electrodes, a second
substrate having a common electrode, and a liquid crystal layer provided between the first and second substrates. The
liquid crystal display may display an image by changing optical transmittance of the liquid crystal layer according to an
electrical field formed between each of the plurality of pixel electrodes and the common electrode. The liquid crystal
display may include a plurality of pixels each of which includes the pixel electrode.

[0003] Recently, liquid crystal displays have been developed to display three-dimensional images as well as two-
dimensional images. In other words, the newly developed liquid crystal displays may be required to have the capability
of providing more image information. Therefore, there is an increasing demand for the newly developed liquid crystal
displays to have higher driving speed and better reliability than those of the conventional liquid crystal displays. As a
result, the liquid crystal composition included in the liquid crystal layer may be required to have properties such as, for
example, appropriate dielectric anisotropy, appropriate refractive index anisotropy, low rotary viscosity, high voltage
holding ratio, etc.

SUMMARY

[0004] The present invention is to provide a liquid crystal display having a low rotary viscosity and a high voltage
holding ratio and a liquid crystal composition comprised thereof.

[0005] According to the present invention, there is provided a liquid crystal display as defined in claim 1.

[0006] Further embodiments of the invention could be learned from the dependent claims and the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other features of the present invention will become more apparent by describing in detail exemplary
embodiments thereof with reference to the accompanying drawings in which:

FIG. 1 is a schematic block diagram showing a liquid crystal display according to an exemplary embodiment of the
present invention;

FIG. 2 is a cross-sectional diagram showing a liquid crystal display according to an exemplary embodiment of the
present invention;

FIG. 3A is a plan view illustrating a liquid crystal display according to an exemplary embodiment of the present
invention and FIG. 3B is a cross-sectional view taken along line I-I’ of FIG. 3A;

FIG. 4A is a plan view illustrating a liquid crystal display according to an exemplary embodiment of the present
invention, and FIG. 4B is a cross-sectional view taken along line II-II’ of FIG. 4A;

FIGS. 5 to 8 are graphs illustrating voltage holding ratios when seventh to tenth liquid crystal compositions are
comprised in a liquid crystal display, respectively; and

FIGS. 9 and 10 are graphs illustrating voltage holding ratios depending on contents of a liquid crystal compound
represented by Chemical Formula 12 when a liquid crystal composition (eighth liquid crystal composition) having
negative dielectric anisotropy and a conventional liquid crystal composition having positive dielectric anisotropy are
comprised in a liquid crystal display, respectively.

[0008] Since the drawings in FIGS. 1-10 are intended for illustrative purposes, the elements in the drawings are not
necessarily drawn to scale. For example, some of the elements may be enlarged or exaggerated for clarity purpose.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

[0009] Exemplary embodiments of the present invention will be described below in detail with reference to the accom-
panying drawings. However, the present invention may be embodied in different forms and should not be construed as
limited to the specific embodiments set forth herein.

[0010] The presentinvention will now be described more fully with reference to the accompanying drawings, in which
exemplary embodiments of the present invention are shown.

[0011] The presentinvention relates to a liquid crystal composition used in a liquid crystal display and more particularly,
to a liquid crystal composition having negative dielectric anisotropy.

[0012] A liquid crystal composition according to an exemplary embodiment of the present invention may include at
least one of liquid crystal compounds represented by Chemical Formula 1 below:

[Chemical Formula 1]

Z 2, Z>

A2
n

Zs Za

where Y may be H or alkyl having 1 to 5 C atoms, in which one or more -CH,-groups may each, independently of
one another, be substituted by -C=C-, -CF,0-, -O-,-CO-0-, -O-CO- or -O-CO-0- so that O atoms may not be directly
linked to each other, and 1 to 3 H atoms may be substituted by halogen,

A may be 1,4-cyclohexylene or 1,4-phenylene,

Z, to Z, may each, independently of one another, be H, F, Cl, or alkyl having 1 to 2 C atoms,

B may be 1,4-cyclohexylene or 1,4-phenylene, in which B is 1,4-phenylene when at least one of Z; to Z, is F or Cl,
n may be 0 or 1,

Z may be H, F, Cl, or alkyl having 1 to 2 C atoms, in which Z is H when Y is H, and

X may be F, Cl, or alkyl having 1 to 4 C atoms, in which one or more -CH,- groups may each, independently of one
another, be substituted by -C=C-, -CF,0-, -O-, -CO-0-, -O-CO- or -O-CO-O- so that O atoms may not be directly
linked to each other, and 1 to 3 H atoms may be substituted by halogen.

[0013] In the above Chemical Formula 1, -CH,- may become -CHs, when one linkage is to H. Similarly, for -C=C-, it
may represent -C=CH when it is linked to H on one side. For 1,4-cyclohexylene and 1,4-phenylene, they may represent
cyclohexyl, and phenyl, respectively, when they are linked to H on one side.

[0014] In the above Chemical Formula 1, Y may be unsubstituted alkyl having 1 to 5 C atoms, and X may be unsub-
stituted alkyl having 1 to 4 C atoms.

[0015] In an exemplary embodiment of the present invention, in the liquid crystal compound of Chemical Formula 1,
Y may be H or a hydrocarbon group having 1 to 10 C atoms, and the hydrocarbon group having 1 to 10 C atoms may
optionally include one or more hetero atoms which include O and F. X may be F, CI, or a hydrocarbon group having 1
to 8 C atoms, and the hydrocarbon group having 1 to 8 C atoms may optionally include one or more hetero atoms which
include O, F and CI.

[0016] According to an exemplary embodiment of the present invention, the liquid crystal compound of Chemical
Formula 1 may be present in an amount exceeding 0 wt% but less than approximately 15 wt% based on the total weight
of the liquid crystal composition. When the liquid crystal compound of Chemical Formula 1 is not comprised in the liquid
crystal composition, the effects by the liquid crystal compound of Chemical Formula 1 to be described below may not
be obtained. When the liquid crystal compound of Chemical Formula 1 is present in an amount exceeding 15 wt% in
the liquid crystal composition, it may be difficult to control dielectric anisotropy, refractive index anisotropy, and rotary
viscosity of the entire liquid crystal composition.
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[0017] The liquid crystal compound of Chemical Formula 1 may maintain a low rotary viscosity when the liquid crystal
compound has a substituted or unsubstituted cyclohexenylene group. In addition, a double bond in the cyclohexenylene
group, which is a cyclic structure, may have lower reactivity than another double bond in an acyclic structure due to
steric hindrance. In addition, since a vinyl group in the cyclohexenylene group may be substituted by a halogen group
or an alkyl group, additional steric hindrance caused by the existence of the halogen group or the alkyl group may inhibit
a reaction between another functional group with high reactivity and the vinyl group in the cyclohexenylene group. For
example, a reaction between the vinyl group and an oxime photoinitiator or an acetophenone photoinitiator as a polym-
erization initiator, especially in the photo initiation process, may be minimized. Therefore, when the liquid crystal com-
pound is introduced in a liquid crystal display, a high voltage holding ratio may be obtained by preventing a reaction
between the vinyl group and another functional group with high reactivity.

[0018] According to an exemplary embodiment of the present invention, the liquid crystal compound of Chemical
Formula 1 may include at least one of liquid crystal compounds represented by Chemical Formula 1-1 below:

[Chemical Formula 1-1]

Z Ly 7>

NN Oas
n

Zs Za

[0019] Y, A, Z,to Z,, B, n, and Z may be as defined in Chemical Formula 1, and R may be alkyl or alkoxy having 1
to 4 C atoms.

[0020] In the liquid crystal compound represented by Chemical Formula 1-1, B may be 1,4-cyclohexylene or 1,4-
phenylene and the substituent R may be alkyl or alkoxy except for a halogen group, such as F or Cl.

[0021] According to an exemplary embodiment of the present invention, Z, to Z, may not be necessarily all substituted,
for example, one or two of Z; to Z, may be substituted with F, Cl, or alkyl having 1 to 2 C atoms.

[0022] According to an exemplary embodiment of the present invention, the liquid crystal compound of Chemical
Formula 1-1 may include at least one of liquid crystal compounds represented by Chemical Formulae 1-1-1 to 1-1-5 as
follows:

[Chemical Formula 1-1-1]

e

y4

[Chemical Formula 1-1-2]

Y R
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[Chemical Formula 1-1-3],

Z K
Y R

[Chemical Formula 1-1-4],

I OaUaUs
Z

and

[Chemical Formula 1-1-5]

Z K

Y R

where Y, Z, and R may be defined as Chemical Formula 1-1.

[0023] Each of the liquid crystal compounds represented by Chemical Formulae 1-1-1 to 1-1-5 may have a substituted
or unsubstituted cyclohexenylene group to maintain a low rotary viscosity. The low rotary viscosity may result from a
double bond of the cyclohexenylene group.

[0024] According to an exemplary embodiment of the present invention, in the liquid crystal compounds represented
by Chemical Formulae 1-1-1 to 1-1-5, Z may be F, ClI, or alkyl having 1 to 2 C atoms. Steric hindrance on the double
bond may be caused by substituting Z of the cyclohexenylene ring with a halogen group or an alkyl group, so that the
reactivity of the double bond of the cyclohexenylene may be reduced.

[0025] According to an exemplary embodiment of the present invention, the liquid crystal compound represented by
Chemical Formula 1 may include at least one of liquid crystal compounds represented by Chemical Formula 1-2 and
Chemical Formula 1-3 as follows:

[Chemical Formula 1-2]

L1 Z,

VA (8
n

Zs Za

where Y may be H, and A, Z, to Z,4, B, n, and X may be as defined in Chemical Formula 1, and
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[Chemical Formula 1-3]

Z1 7>
oTevos
n
Z: Za

where Y, A, Z; to Z,, B, n, and X may be as defined in Chemical Formula 1.

[0026] The liquid crystal compound represented by Chemical Formula 1-2 may correspond to Chemical Formula 1
where Y and Z are H. The liquid crystal compound of Chemical Formula 1-2 may have a cyclohexenylene group to
maintain a low rotary viscosity. In addition, a double bond in the cyclohexenylene group may have a lower reactivity than
an acyclic double bond. Therefore, a reaction between another functional group with high reactivity and a vinyl group of
the cyclohexenylene group may be inhibited. For example, a reaction between the vinyl group of the cyclohexenylene
group and an oxime photoinitiator or an acetophenone photoinitiator used as a polymerization initiator, especially in the
photo initiation process, may be minimized. Therefore, when the liquid crystal compound is introduced in a liquid crystal
display, a reaction with the vinyl group of the cyclohexenylene group and another functional group with high reactivity
may be prevented, so that a high voltage holding ratio may be obtained.

[0027] The liquid crystal compound represented by Chemical Formula 1-3 may correspond to Chemical Formula 1
where Y is -H and Z is -CH5. The liquid crystal compound of Chemical Formula 1-3 may have a cyclohexenylene group
to maintain a low rotary viscosity. Steric hindrance on the double bond may be caused by substituting Z of the cyclohex-
enylene ring with the -CH5 group, so that the reactivity of the double bond of the cyclohexenylene may be reduced.
[0028] According to an exemplary embodiment of the present invention, the liquid crystal compound of Chemical
Formula 1-2 may include at least one of liquid crystal compounds represented by Chemical Formulae 1-2-1 to 1-2-3 as
follows:

[Chemical Formula 1-2-1]

RO
n

Za

[Chemical Formula 1-2-2]

Y X

Zs Za

and

[Chemical Formula 1-2-3]
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where Y may be H, and A, Z, to Z,, B, n, and X may be as defined in Chemical Formula 1. According to an exemplary
embodiment of the present invention, the liquid crystal compound of Chemical Formula 1-2 may include at least one of
liquid crystal compounds represented by Chemical Formulae 1-2-4 and 1-2-5 as follows:

and
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Za

Y

n

[Chemical Formula 1-2-4]

Z>

oYeSes

[Chemical Formula 1-2-5]

R

Ceses

where A may be as defined in Chemical Formula 1.

[0029] According to an exemplary embodiment of the present invention, the liquid crystal compound of Chemical
Formula 1-2 may include at least one of liquid crystal compounds represented by Chemical Formulae 1-2-6 to 1-2-11

as follows:

[Chemical Formula 1-2-6]

M

X

OO

F

[Chemical Formula 1-2-7]

F
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[0030] According to an exemplary embodiment of the present invention, the liquid crystal compound of Chemical
Formula 1-3 may include at least one of liquid crystal compounds represented by Chemical Formulae 1-3-1 to 1-3-3 as

follows:

,"‘,\ f

— N/ )
5, £ ::‘ y"{“f

\\ \i‘! ‘{'\:\ e‘?‘}
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[Chemical Formula 1-3-1]
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Y X
¢
Z a

[Chemical Formula 1-3-2]

A
n

Z: Za

[Chemical Formula 1-3-3]

L1 Z>
Ao
n

where Y, A, Z, to Z,, B, n, and X may be defined as Chemical Formula 1.

[0031] According to an exemplary embodiment of the present invention, the liquid crystal compound of Chemical
Formula 1-3 may include at least one of liquid crystal compounds represented by Chemical Formulae 1-3-4 to 1-3-5 as

follows:

and

[Chemical Formula 1-3-4]

[Chemical Formula 1-3-5]
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where A may be as defined in Chemical Formula 1.
[0032] According to an exemplary embodiment of the present invention, the liquid crystal compound of Chemical

Formula 1-3 may include at least one of liquid crystal compounds represented by Chemical Formulae 1-3-6 to 1-3-12
as follows:

[Chemical Formula 1-3-6]
A
FF

[Chemical Formula 1-3-7]

, K F
'y ;
S P { }.W,,.W(i —
/ N / ) 7 " /
/f i \ /;"""""""\ ; j'—“\:\'\ !/‘/ —
4 \, / 3 : \\ s

vy /
, R F
) ; %, / F
,;f \ ,-'f’ xé‘:' i!' — S
f’ % ’ i “e\ﬁ\ rd %“x ;
Péé \\\ ’ F k'\\. j.f’f h‘\:‘ﬁ ‘/’/f(‘!

[Chemical Formula 1-3-10]

10
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/ N / A
s sst] * \. s
I " 7 R 7 F
A d i\ N
N/ NS4

R I 5, /
{ i W_...J,\‘ | —
b, I iy o
k 4 s\\ ;’i‘ !
‘\_ /j B 7

[Chemical Formula 1-3-12]

[0033] According to an exemplary embodiment of the present invention, the liquid crystal composition may further
include a different type of liquid crystal having a similar rotary viscosity, such as low rotary viscosity, to Chemical Formula
1 and having a high voltage holding ratio when comprised in a liquid crystal display, for example, indene liquid crystal

or dihydronaphthalene liquid crystal.

[0034] According to an exemplary embodiment of the present invention, the liquid crystal composition may include at

least one of liquid crystal compounds represented by Chemical Formula 2 as follows:

[Chemical Formula 2]

where A, n, and X may be as defined in Chemical Formula 1, and

R and R’ may each, independently of one another, be alkyl or alkoxy having 1 to 4 C atoms.

[0035] According to an exemplary embodiment of the present invention, the liquid crystal compound of Chemical
Formula 2 may be present in an amount exceeding 0 wt% but less than approximately 15 wt% based on the total weight
of the liquid crystal composition. According to an exemplary embodiment of the present invention, the liquid crystal
composition may comprise the liquid crystal compound of Chemical Formula 2 as well as the liquid crystal compound
of Chemical Formula 1. The sum of the liquid crystal compound of Chemical Formula 1 and the liquid crystal compound

1"
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of Chemical Formula 2 may be present in an amount exceeding 0 wt% but less than approximately 15 wt% based on
the total weight of the liquid crystal composition.

[0036] According to an exemplary embodiment of the present invention, the liquid crystal composition may further
include at least one of liquid crystal compounds represented by Chemical Formula 3 as follows:

[Chemical Formula 3]

where A, n, and X may be as defined in Chemical Formula 1, and
R and R’ may each, independently of one another, be alkyl or alkoxy having 1 to 4 C atoms.

[0037] According to an exemplary embodiment of the present invention, the liquid crystal compound of Chemical
Formula 3 may be present in an amount exceeding 0 wt% but less than approximately 15 wt% based on the total weight
of the liquid crystal composition. According to an exemplary embodiment of the present invention, the liquid crystal
composition may comprise the liquid crystal compound of Chemical Formula 3 in addition to the liquid crystal compound
of Chemical Formula 1. The sum of the liquid crystal compound of Chemical Formula 1 and the liquid crystal compound
of Chemical Formula 3 may be present in an amount exceeding 0 wt% but less than approximately 15 wt% based on
the total weight of the liquid crystal composition.

[0038] According to an exemplary embodiment of the present invention, the liquid crystal composition may further
include both the liquid crystal of Chemical Formula 2 and the liquid crystal of Chemical Formula 3. The liquid crystal
compound of Chemical Formula 1, the liquid crystal compound of Chemical Formula 2, and the liquid crystal compound
of Chemical Formula 3 may be present in an amount exceeding 0 wt% but less than approximately 15 wt% based on
the total weight of the liquid crystal composition.

[0039] As described above, the liquid crystal compound of Chemical Formula 1, 2 or 3 may be present in an amount
exceeding 0 wt% but less than approximately 15 wt% based on the total weight of the liquid crystal composition, or any
combination of the liquid crystal compound of Chemical Formula 1 and at least one of the liquid crystal compound of
Chemical Formula 2 and the liquid crystal compound of Chemical Formula 3, is present in an amount exceeding 0 wt%
but less than 15 wt% based on a total weight of the liquid crystal composition.

[0040] According to an exemplary embodiment of the present invention, the liquid crystal composition may further
include a monomer which is polymerized to form an alignment layer. The monomer may be represented by Chemical
Formula 4 as follows:

[Chemical Formula 4]

o

where Rp and Rq may be 1 to 6 functional groups independently being a reactive site for polymerization, and the
functional group may be an acrylate group having 1 to 12 C atoms, a methacrylate group, an epoxy group, an
oxetane group, a vinyl-ether group, or a styrene group,

L, to L3 may each, independently of one another, be a single bond, an alkyl group having 1 to 10 C atoms, ether,
carbonyl, or carboxyl, and

12
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o may be 1 or 2.

[0041] According to an exemplary embodiment of the present invention, the liquid crystal composition may further
include an initiator for initiating polymerization of the monomer. The initiator may be a photoinitiator or a thermal initiator.
According to an exemplary embodiment of the presentinvention, the photoinitiator may be used. An oxime photoinitiator
and an acetophenone photoinitiator may be used as the photoinitiator.

[0042] Atfter the liquid crystal composition is provided between the two substrates of the liquid crystal display, when
light, such as ultraviolet rays, is applied to the liquid crystal composition, polymerization of the monomer may be initiated
by the photoinitiator, and the polymerized polymer may be an alignment layer. For example, the monomer in the liquid
crystal composition may be represented by Chemical Formula 4, and the photoinitiator may be an oxime photoinitiator
or an acetophenone photoinitiator.

[0043] According to an exemplary embodiment of the present invention, the liquid crystal composition may further
include various liquid crystal compounds having optimal dielectric anisotropy, optimal refractive index anisotropy, low
rotary viscosity, and high voltage holding ratio for the liquid crystal display in addition to the above-described liquid crystal
compound.

[0044] According to an exemplary embodiment of the present invention, the liquid crystal composition may include at
least one of liquid crystal compounds represented by the following Chemical Formula 5:

[Chemical Formula 5]

Zi 7>
m r
Z: Za

where R" may represent hydrogen or alkyl having 1 to 15 C atoms, in which one or more - CH,- groups may each,
independently of one another, be substituted by -C=C-, -CF,0-, - CH=CH-, -O-, -CO-0-, -O-CO- or -O-CO-0O- so
that O atoms may not be directly linked to each other, and 1 to 3 H atoms may be substituted by halogen,

A, B, and C may each, independently of one another, be 1,4-cyclohexylene or 1,4-phenylene,

m and r may each, independently of one another, be 0 to 2,

L*x and LY may each, independently of one another, be a single bond, -C=C-, -COO-, - OCO-, -CF,0-, -OCF -,
-CH,0-, -CO-, -O-, -(CH,),-, or -CH=CH-,

Z, to Z, may each, independently of one another, be H, F, Cl, -OCF,, -CF3, -CHF,, or - CH,F, and

X’ may represent hydrogen, F, Cl, or alkyl having 1 to 15 C atoms, in which one or more - CH,- groups may each,

independently of one another, be substituted by -C=C-, -CF,0-, - CH=CH-, -CO-, -O-, -CO-0O-, -O-CO- or -O-CO-

O- so that O atoms may not be directly linked to each other, and 1 to 3 H atoms may be substituted by halogen.
[0045] Inthe Chemical Formula 5 above, the structures like -OCF5, -CF3, -CHF,, and -CH5F may also be represented
as OCF3, CF5, CHF,, and CH,F, respectively. The extra "-" to each structure here is to show the linkages of these groups.

[0046] According to an exemplary embodiment of the present invention, the liquid crystal compound of Chemical
Formula 5 may include at least one of liquid crystal compounds represented by Chemical Formulae 5-1 to 5-8 as follows:

[Chemical Formula 5-1]

13
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[Chemical Formula 5-2]

[Chemical Formula 5-3]

N0

[Chemical Formula 5-4]

F

F

UaVaSls

[Chemical Formula 5-5]

[Chemical Formula 5-6]

[Chemical Formula 5-7]

14
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[Chemical Formula 5-8]

J/O{}“‘,@X. ,

where X’ may be as defined in Chemical Formula 5.

[0047] The liquid crystal compounds of Chemical Formulae 5-1 to 5-8 may have a low rotary viscosity. In the liquid
crystal compounds of Chemical Formulae 5-1 to 5-8, a vinyl group may be provided to a terminal group linked to the
ring. Since the vinyl group has relatively high reactivity, the vinyl group may react with oxygen or water, or an initiator
when light, such as ultraviolet rays, is applied when formed in a liquid crystal display. An organic spacer, a color filter,
a black matrix, an alignment layer, and an encapsulant in the liquid crystal display may include an organic polymer, and
an initiator included in the liquid crystal display may be used for the polymerization of a monomer to form the organic
polymer. The liquid crystal compounds of Chemical Formulae 5-1 to 5-8 may react with the initiator after heat or photo
initiation and may polymerize to form the organic polymer. When the liquid crystal compound reacts with the initiator
after initiation, a voltage holding ratio may be reduced.

[0048] Although the liquid crystal compounds of Chemical Formulae 5-1 to 5-8 are present in the liquid crystal com-
position according to an exemplary embodiment of the invention, a voltage holding ratio may be maintained by the liquid
crystal compounds represented by Chemical Formulae 1 to 3. Chemical Formulae 1 to 3, each include at least one
double bond in a cyclic structure, and the double bond in the cyclic structure is less reactive than the double bond in
Chemical Formulae 5-1 to 5-8.

[0049] The above-described liquid crystal composition may further include various additives generally used in the
technical field to which the present invention pertains in addition to the above-described liquid crystal compound. More
specifically, the liquid crystal composition may further include an antioxidant. In addition, the liquid crystal composition
may further include a stabilizer. Various materials may be used as the stabilizer. For example, a hindered amine light
stabilizer (HALS) may be used.

[0050] Theliquid crystalcomposition according to an exemplary embodiment of the presentinvention may be comprised
in the liquid crystal layer of the liquid crystal display. The liquid crystal composition according to an exemplary embodiment
of the present invention may be formed in liquid crystal displays in various modes, for example, a vertical alignment (VA)
mode, a fringe field switching (FFS) mode, an in plane switching (IPS) mode, and a plane to light switching (PLS) mode.
According to an exemplary embodiment of the present invention, the liquid crystal composition has a low rotary viscosity,
and at the same time has a high voltage holding ratio when comprised in the liquid crystal display. Therefore, when the
above-described liquid crystal composition is comprised in the liquid crystal display, a high qualityimage may be displayed.
This will be described below with the drawings.

[0051] FIG. 1 is a schematic block diagram showing a liquid crystal display according to an exemplary embodiment
of the present invention.

[0052] Referring to FIG. 1, the liquid crystal display may include a display panel PNL, a timing controller TC, a gate
driver GDV, and a data driver DDV.

[0053] The display panel PNL may be a liquid crystal panel including a first substrate, a second substrate, and a liquid
crystal layer interposed between the first and second substrates.

[0054] The display panel PNL may include a plurality of gate lines GL1 to GLm extending in a first direction D1 (e.g.,
a row direction) and a plurality of data lines DL1 to DLn extending in a second direction D2 (e.g., a column direction)
crossing the first direction D1. The display panel PNL may include a plurality of pixels PX. The plurality of pixels PX may
be arranged in the first direction D1 and the second direction D2.

[0055] The timing controller TC may receive image data RGB and control signals from an external graphic control
unit. The control signals may include a vertical synchronization signal Vsync which is a frame distinguishing signal, a
horizontal synchronization signal Hsync which is a row distinguishing signal, a data enable signal DES having a high
level HIGH only during a period in which data are output so as to indicate an area where the data are input, and a main
clock signal MCLK.

[0056] The timing controller TC may convert the image data RGB according to the specifications of the data driver
DDV and output the converted image data DATA to the data driver DDV. The timing controller TC may generate a gate
control signal GS1 and a data control signal DS1 based on the control signals. The timing controller TC may output the
gate control signal GS1 to the gate driver GDV and output the data control signal DS1 to the data driver DDV. The gate
control signal GS1 may be a signal for driving the gate driver GDV and the data control signal DS1 may be a signal for
driving the data driver DDV.

[0057] The gate driver GDV may generate gate signals based on the gate control signal GS1 and output the gate
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signals to the gate lines GL1 to GLm. The gate control signal GS1 may include a scanning start signal for instructing to
start scanning, at least one clock signal for controlling an output period of a gate on voltage, and an output enable signal
for limiting the duration time of the gate on voltage.

[0058] The data driver DDV may generate a grayscale voltage according to the image data DATA based on the data
control signal DS1 and output a data voltage to the data lines DL1 to DLn. The data voltage may include a positive data
voltage having a positive value and a negative data voltage having a negative value with respect to a common voltage.
The data control signal DS1 may include a horizontal start signal indicating that the image data DATA starts to be
transmitted to the data driver DDV, a load signal instructing to apply the data voltage to the data lines DL1 to DLn, and
an inversion signal for inverting the polarity of the data voltage with respect to the common voltage.

[0059] Each of the timing controller TC, the gate driver GDV, and the data driver DDV may be directly mounted in the
form of at least one integrated circuit chip onto the display panel PNL, may be mounted over a flexible printed circuit
board and attached in the form of a tape carrier package (TCP) to the display panel PNL, or may be mounted over a
separate printed circuit board. However, at least one of the gate driver GDV and the data driver DDV may be integrated
in the display panel PNL, together with the gate lines GL1 to GLm, the data lines DL1 to DLn, and a transistor. In addition,
the timing controller TC, the gate driver GDV, and the data driver DDV may be integrated into a single chip.

[0060] FIG. 2 is a schematic cross-sectional view illustrating a liquid crystal display according to an exemplary em-
bodiment of the presentinvention. The liquid crystal display shown in FIG. 2 may be embodied in various configurations.
FIG. 3Ais a plan view illustrating a liquid crystal display according to an exemplary embodiment of the present invention.
FIG. 3B is a cross-sectional view taken along line I-I' of FIG. 3A. FIG. 4A is a plan view illustrating a liquid crystal display
according to an exemplary embodiment of the present invention, and FIG. 4B is a cross-sectional view taken along line
II-1I' of FIG. 4A. FIGS. 3B and 4B are cross-sectional views illustrating a portion P1 of the liquid crystal display shown
in FIG. 2.

[0061] Referring to FIGS. 2, 3A and 3B, according to an exemplary embodiment of the present invention, the liquid
crystal display may include a first substrate SUB1, a second substrate SUB2 opposing the first substrate SUB1, a liquid
crystal layer LC provided between the first substrate SUB1 and the second substrate SUB2, a spacer SP provided
between the first substrate SUB1 and the second substrate SUB2 and maintaining a distance between the first substrate
SUB1 and the second substrate SUB2, and an encapsulant SL provided between the first substrate SUB1 and the
second substrate SUB2 and encapsulating the liquid crystal layer LC.

[0062] Thefirstsubstrate SUB1 may include afirstbase substrate BS1, a wiring unit provided on the first base substrate
BS1, a plurality of pixels PX coupled to the wiring unit, color filters CF provided to correspond to the pixels PX, a black
matrix BM surrounding the color filters CF and provided in a region where an image is not displayed, and a first alignment
layer ALN1 provided over the pixels PX.

[0063] The first substrate SUB1 may include a display area DA where an image is displayed and a non-display area
NDA where an image is not displayed. The non-displayed area NDA may be provided on at least one side of the display
area DA. The pixel PX may be a minimum unit for displaying an image and may be provided in the display area DA.
[0064] The pixel PX may be coupled to a corresponding data line among sequentially arranged data lines, and a
corresponding gate line among neighboring gate lines. According to an exemplary embodiment of the present invention,
for convenience of explanation, a gate line to which one pixel is connected may be denoted by GL and a data line to
which the above pixel PX is connected may be denoted by DL.

[0065] The pixel PX may be connected to a transistor TR, and the transistor TR may be connected to the gate line
GL and the data line DL.

[0066] Each of the pixels PX may include a thin film transistor, a pixel electrode PE connected to the thin film transistor
TR, and a storage electrode portion.

[0067] The first base substrate BS1 may have a substantially rectangular shape and may include a transparent insu-
lating material.

[0068] The wiring unit may include the gate line GL and the data line DL.

[0069] The gate line GL may extend in the first direction D1 on the first base substrate BS1.

[0070] A gate insulating layer GI may be provided on the first base substrate BS1 on which the gate line GL is formed,
and may include an insulating material, for example, a silicon nitride or a silicon oxide.

[0071] The data line DL may extend in the second direction D2 crossing the first direction D1 while interposing the
gate line GL and the gate insulating layer GI.

[0072] The transistor TR may be coupled between the gate line GL and the data line DL. Referring to FIG. 1, for the
entirety of the pixels PX, a plurality of the gate lines, a plurality of the data lines and a plurality of the transistors may be
provided. Each of the transistors may be connected to a corresponding one of the plurality of gate lines and a corre-
sponding one of the plurality of data lines. The transistor TR may include a gate electrode GE, a semiconductor pattern
SM, a source electrode SE, and a drain electrode DE.

[0073] The gate electrode GE may protrude from the gate line GL or be provided in a portion of the gate line GL.
[0074] The gate electrode GE may include metal. The gate electrode GE may include, for example, nickel, chrome,
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molybdenum, aluminum, titanium, copper, tungsten, or an alloy thereof. The gate electrode GE may include a single
layer or a multilayer including the metal. For example, the gate electrode GE may be a triple layer in which molybdenum,
aluminum, and molybdenum are sequentially stacked, or a dual layer in which titanium and copper are sequentially
stacked. Alternatively, the gate electrode GE may be a single layer including an alloy of titanium and copper.

[0075] The semiconductor pattern SM may be provided on the gate electrode GE with the gate insulating layer Gl
interposed therebetween. A portion of the semiconductor pattern SM may overlap with the gate electrode GE. The
semiconductor pattern SM may include a doped or undoped silicon thin film. The silicon thin film may be crystalline or
amorphous. The semiconductor pattern SM may include a crystalline or amorphous oxide semiconductor thin film.
[0076] The source electrode SE may be branched off from the data line DL, and may be formed on the semiconductor
pattern SM and partially overlapping with the gate electrode GE.

[0077] The drain electrode DE may be separated from the source electrode SE and electrically connected to the
semiconductor pattern SM. The drain electrode DE may be formed on the semiconductor pattern SM, and may partially
overlap with the gate electrode GE.

[0078] The source electrode SE and the drain electrode DE may include, for example, nickel, chrome, molybdenum,
aluminum, titanium, tungsten, or an alloy thereof. Each of the source electrode SE and the drain electrode DE may be
a single layer or a multilayer including the above metal. For example, each of the source electrode SE and the drain
electrode DE may be a dual layer in which titanium and copper are sequentially stacked, or a single layer including an
alloy of titanium and copper.

[0079] Since the source electrode SE and the drain electrode DE are separated from each other, a top surface of the
semiconductor pattern SM between the source electrode SE and the drain electrode DE may be exposed. The semi-
conductor pattern SM between the source electrode SE and the drain electrode DE may form a conductive channel
between the source electrode SE and the drain electrode DE when a voltage, which is higher than a threshold voltage,
of the gate electrode GE is applied.

[0080] The storage electrode portion may include a storage line STL extending in the first direction D1 and further
include first and second branch electrodes LSL and RSL branched off from the storage line STL and extending in the
second direction D2.

[0081] An interlayer IL may be provided on the source electrode SE and the drain electrode DE, and may include an
organic or inorganic insulating material, for example, a silicon nitride or a silicon oxide.

[0082] The color filter CF and the black matrix BM may be provided on the interlayer IL.

[0083] A plurality of the color filters CF may be provided to the plurality of pixels PX, respectively. The color filters CF
may display red, green, and blue. However, the present invention is not limited thereto. The color filters CF may display
various colors including white, yellow, cyan, and magenta.

[0084] According to an exemplary embodiment of the present invention, the color filter CF may include a polymerized
organic polymer. The color filter CF may include an initiator for initiating polymerization of a monomer. The polymerized
organic polymer included in the color filter CF may be formed by polymerizing the monomer. The initiator may be a
photoinitiator, for example, an oxime or acetophenone initiator.

[0085] The black matrix BM may surround spaces between the color filters CF in the display area and block light
transmitting the liquid crystal layer LC between neighboring pixels. In addition, the black matrix BM may be provided in
the non-display area NDA and block light transmitting through the non-display area NDA.

[0086] Accordingtoan exemplary embodiment of the presentinvention, the black matrix BM may include a polymerized
organic polymer. The black matrix BM may include an initiator for initiating polymerization of a monomer. The polymerized
organic polymer included in the black matrix BM may be formed by polymerizing the monomer. The initiator may be a
photoinitiator, for example, an oxime or acetophenone initiator.

[0087] Accordingto anexemplary embodiment of the presentinvention, itis illustrated that the color filter CF is provided
on the first substrate SUB1. However, the invention is not limited thereto. In an exemplary embodiment of the present
invention, the color filter CF may be provided on the second substrate SUB2. A contact hole CH through which an upper
surface of the drain electrode DE is exposed may be provided on and penetrating through the interlayer IL and the black
matrix BM.

[0088] According to an exemplary embodiment of the present invention, it is illustrated that the interlayer IL is a single
layer and the color filters CF and the black matrix BM are formed on the interlayer IL. However, the invention is not
limited thereto. For example, an insulating layer like the interlayer IL may be a multilayer. An additional insulating layer
may also be provided over the color filter CF and the black matrix BM. In addition, the color filter CF and the black matrix
BM may be provided at various positions. For example, the color filter CF and the black matrix BM may be provided
between the first base substrate BS1 and the gate insulating layer GI.

[0089] The pixel electrode PE may be provided on the black matrix BM and connected to the drain electrode DE
through the contact hole CH.

[0090] The pixel electrode PE may include a first domain partition unit PEDD dividing the pixel PX into a plurality of
domains. The first domain partition unit PEDD may be a cut portion or a protrusion formed by patterning the pixel electrode
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PE. The cut portion may be an aperture or a slit formed by partially removing the pixel electrode PE. The first domain
partition unit PEDD may include a horizontal portion extending in parallel in the first direction or the second direction to
divide the pixel PX in a length direction into two parts and oblique portions inclined with respect to the first direction or
the second direction. The oblique portions may be substantially linearly symmetrical with respect to the horizontal portion.
[0091] The pixel electrode PE may be formed of a transparent conductive material such as, for example, a transparent
conductive polymer, a transparent conductive oxide, or the like. The transparent conductive oxide may be, for example,
an indium tin oxide (ITO), an indium zinc oxide (IZO), or an indium tin zinc oxide (ITZO).

[0092] The first alignment layer ALN1 may be provided on the pixel electrode PE, and may include a polymer obtained
by polymerizing the monomer represented by Chemical Formula 4. The monomer of Chemical Formula 4 may have 1
to 6 functional groups, which may be triggered to polymerize, as a terminal group, and polymerization may be caused
by these function groups. The functional group may include, for example, an acrylate group of 1 to 12 C atoms, a
methacrylate group, an epoxy group, an oxetane group, a vinyl-ether group, or a styrene group. Other functional groups
than described above may also be used.

[0093] The second substrate SUB2 may oppose the first substrate SUB1. The second substrate SUB2 may include
a second base substrate BS2, a common electrode CE, and a second alignment layer ALN2.

[0094] The common electrode CE may be provided on the second base substrate BS2.

[0095] The common electrode CE may include a transparent conductive material such as, for example, a transparent
conductive polymer, a transparent conductive oxide, or the like. The transparent conductive oxide may be, for example,
an indium tin oxide (ITO), an indium zinc oxide (IZO), or an indium tin zinc oxide (ITZO).

[0096] The common electrode CE may include a second domain partition unit CEDD for dividing the pixel PX into a
plurality of domains. The second domain partition unit CEDD may be a cut portion or a protrusion formed by patterning
the common electrode CE. The cut portion may be an aperture formed by partially removing the common electrode CE.
The second domain partition unit CEDD may include a horizontal portion and/or a vertical portion extending in parallel
in the first direction or the second direction to divide the pixel PX in the length direction into two parts, and oblique
portions inclined with respect to the first direction or the second direction. The oblique portions may be substantially
linearly symmetrical with respect to the horizontal portion.

[0097] The horizontal portion of the first domain partition unit PEDD and the horizontal portion of the second domain
partition unit CEDD may be substantially collinearly located. The oblique portions of the first domain partition unit PEDD
and the oblique portions of the second domain partition unit CEDD may be arranged next to each other in the same
direction. In addition, the oblique portions of the first domain partition unit PEDD and the oblique portions of the second
domain partition unit CEDD may alternate with each other.

[0098] The second alignment layer ALN2 may be provided on the second base substrate BS2, and may include a
polymer obtained by polymerizing the monomer represented by Chemical Formula 4.

[0099] According to an exemplary embodiment of the present invention, the first alignment layer ALN1, the second
alignment layer ALN2, and/or the liquid crystal layer LC to be described below may include an initiator for initiating the
polymerization of the monomer represented by Chemical Formula 4. The initiator may be an oxime or acetophenone
initiator.

[0100] The spacer SP may be provided between the first substrate SUB1 and the second substrate SUB2. One side
of the spacer SP may contact the first substrate SUB1 and the other side of the spacer SP may contact the second
substrate SUB2 to maintain a distance between the first substrate SUB1 and the second substrate SUB2.

[0101] The spacer SP may include a polymerized organic polymer. The spacer SP may contain an initiator for initiating
the polymerization of a monomer. The polymerized organic polymer included in the spacer SP may be formed by
polymerizing the monomer. The initiator may be a photoinitiator, for example, an oxime or acetophenone initiator.
[0102] According to an exemplary embodiment of the present invention, the spacer SP may include a material the
same as that of the black matrix BM. The spacer SP and the black matrix BM may be formed by the same process. In
addition, the spacer SP may be formed integrally with a portion of the black matrix BM.

[0103] The encapsulant SL may be provided on the circumference of the liquid crystal layer LC between the first
substrate SUB1 and the second substrate SUB2. The encapsulant SL may be provided in the non-display area NDA
and may externally seal the liquid crystal layer LC between the first substrate SUB1 and the second substrate SUB2.
[0104] The encapsulant SL may include a polymerized organic polymer. The encapsulant SL may include an initiator
for initiating the polymerization of a monomer. The polymerized organic polymer included in the encapsulant SL may
be formed by polymerizing the monomer. The initiator may be a photoinitiator, for example, an oxime or acetophenone
initiator.

[0105] Theliquid crystal layer LC may include the above-described liquid crystal composition according to an exemplary
embodiment of the present invention.

[0106] Accordingto an exemplary embodiment of the presentinvention, elements which may include organic polymers,
among the elements forming the liquid crystal display, i.e., the first and second alignment layers ALN1 and ALN2, the
spacer SP, the color filters CF, the black matrix BM may be formed by polymerizing a monomer, and the oxime or
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acetophenone initiator may be included as the initiator for initiating the polymerization. However, the invention is not
limited thereto. For example, none of the elements may include organic polymers, and only some of the first and second
alignment layers, the spacer, the color filters, and the black matrix may include organic polymers. In addition, another
element, for example, an insulating layer may include an organic polymer. In addition, the above elements may include
a different type of initiator. To reduce reactivity between different types of initiator and a liquid crystal compound, the
liquid crystal compound according to an exemplary embodiment of the present invention may be used.

[0107] According to an exemplary embodiment of the present invention, the pixel PX may be driven by the transistor
TX. In other words, when the transistor TR is turned on in response to a gate signal provided from the GL, a data voltage
provided through the data line DL may be provided to the pixel electrode PE through the turned-on transistor TR.
Therefore, an electric field may be formed between the pixel electrode PE to which the data voltage is applied and the
common electrode CE to which the common voltage is applied. Liquid crystal molecules of the liquid crystal layer LC
may be driven by the electric field, so that an image may be displayed according to the amount of light transmitting
through the liquid crystal layer LC.

[0108] Aliquid crystal display according to an exemplary embodiment of the present invention is described below with
reference to FIGS. 2, 4A and 4B. To avoid redundancy, contents different from the above description will be mainly
described and undescribed portions comply with the above description.

[0109] Referring to FIGS. 2, 4A and 4B, according to an exemplary embodiment of the present invention, a liquid
crystal display may include the first substrate SUB1, the second substrate SUB2 opposing the first substrate SUB1, and
the liquid crystal layer LC provided between the first substrate SUB1 and the second substrate SUB2.

[0110] Each of the pixels PX may include the thin film transistor TR, the pixel electrode PE coupled to the thin film
transistor TR, and the storage electrode portion.

[0111] The pixel electrode PE may include a stem portion PEa and a plurality of branch portions PEDb radially extending
from the stem portion PEa. Neighboring branch portions PEb may be adjacent to each other with a slit interposed
therebetween. The stem portion PEa or some of the branch portions PEb may be coupled to the drain electrode DE
through the contact hole CH.

[0112] The stem portion PEa may have various shapes. For example, in an exemplary embodiment of the present
invention, the stem portion PEa may have a cross shape. The pixel PX may be divided into a plurality of domains by the
stem portion PEa. The branch portions PEb may correspond to each domain and extend in different directions in the
respective domains. According to an exemplary embodiment of the present invention, it is illustrated that the pixel PX
has four domains. The branch portions PEb may be separated from each other so as not to meet neighboring branch
portions PEb and extend in parallel with each other in the area divided by the stem portion PEa. Slits between neighboring
branch portions PEb may be separated from each other by a distance in a range of micrometers. These slits may
correspond to a domain partition unit for arranging liquid crystal molecules of the liquid crystal layer LC at a predetermined
angle on a plane parallel with the base substrate.

[0113] The second substrate SUB2 may include the second base substrate BS2, and the color filters CF, the black
matrix BM, the common electrode CE, and the second alignment layer ALN2 may be provided on the second base
substrate BS2. A separate domain partition unit may not be provided to the common electrode CE, and therefore may
be provided in the form of a single whole plate.

[0114] A liquid crystal display according to an exemplary embodiment of the present invention may have various pixel
structures. For example, according to an exemplary embodiment of the present invention, it is illustrated that the pixel
electrode is included in the first substrate and the common electrode is included in the second substrate. However, the
positions of the pixel electrode and the common electrode may not be limited thereto. According to an exemplary
embodiment of the present invention, a pixel electrode and a common electrode may be formed at different positions
where the pixel electrode and the common electrode are located as described above, and both the pixel electrode and
the common electrode may be included in the first substrate without departing from the scope of the invention. In addition,
according to an exemplary embodiment of the present invention, the pixel electrode and the common electrode may
have other shapes without departing from the scope of the invention. Accordingly, an electrode portion may be provided
on at least one of the first and second substrates of the liquid crystal display. The electrode portion may include, for
example, a pixel electrode, a common electrode, a storage electrode portion, or other electrode required for a liquid
crystal display.

[0115] According to an exemplary embodiment of the present invention, two gate lines and one data line may be
coupled to a single pixel, and according to an exemplary embodiment of the present invention, one gate line and two
data lines may be coupled to one pixel. Alternatively, one pixel may have two sub-pixels to which two different voltages
are applied. In this embodiment, a high voltage may be applied to one of the two sub-pixels and a low voltage may be
applied to the other sub-pixel. In addition, according to an exemplary embodiment of the present invention, respective
elements in the pixel, for example, the gate electrode, the source electrode and the drain electrode may be arranged in
a different manner as illustrated above.
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[Examples]

[0116] In the present invention, central groups, connecting groups and terminal groups included in liquid crystal com-
pounds of Examples and comparative examples are represented as follows:
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(continued)
Type Structure Symbol
Terminal group -H O(number)
-CpHansq n(number)
-OCHop41 On(number)

.—"::\\ \Y
o—\\\%_ V1

-F F

[0117] Thereis no particularindication between the central group and the connecting group, and the central/connecting
group and the terminal group are separated by "-".

[0118] Properties of the liquid crystal compositions in the comparative examples and the Examples were measured
by the following method:

1) Dielectric anisotropy

[0119] After a sample having a cell gap of 30 xm was mixed with liquid crystal compositions of the Examples and the
comparative examples, horizontal and vertical dielectric constants were obtained at 1 kHz and 0.3V, and dielectric
anisotropy was obtained by subtracting the horizontal dielectric constant from the vertical dielectric constant at 20 degrees.

2) Refractive index anisotropy

[0120] An abbe refractometer at 589nm was used for measurement. Liquid crystals were vertically aligned using
lecithin to obtain refractive index anisotropy at 20 degrees.

3) Rotary viscosity

[0121] Rotary viscosity was measured at 20°C and 90V/20us by inputting a dielectric anisotropy value at 20°C.

4) Voltage holding ratio (VHR)

[0122] Two substrates each including an electrode and a horizontal alignment layer formed thereon were attached to
each other with a cell gap of 3 um. Subsequently, a liquid crystal composition was injected therein, and UV light exposure
was carried out thereon. A voltage of 1V was applied to a corresponding liquid crystal cell for 60us at 60°C, and a voltage
holding ratio (VHR) of the liquid crystal cell was measured in unit of 60Hz.

1. Rotary viscosity Evaluation 1

(1) First liquid crystal composition

[0123] Refractive index anisotropy (An), dielectric anisotropy (Ae), and rotary viscosity (y1) of liquid crystal compositions
according to respective contents (0 wt%, 1 wt%, 5 wt%, and 10 wt%) of liquid crystal compounds represented by Chemical

Formula 6 below are shown in Tables 1 to 4. The contents of the comparative example and the Examples below were
represented by wt%.

21



EP 3 282 001 A1

[Chemical Formula 6]

5 f—'\\ o \fr««m\
X\ ./
1) Comparative example 1
10
[0124]
[Table 1]
Code Comparative example 1
" 2-HBB(2F,3F)-02 | 3
3-BB(2F,3F)-02 16
3-BB(2F,3F)B-2 8
20 3-HB(2F,3F)-02 7
3-HBB(2F,3F)-02 | 8.5
2-HH-3 8
25 3-HH-V 15
3-HH-V1 9
3-HHB(2F,3F)-02 | 10
3-HH-4 75
30 5-HHB(2F,3F)-02 | 8
1-Hch(3C)B(2F)-3 | 0
An 0.1
35 Ag -3.3
v1 (mPa:s) 108
2) Example 1
% [0125]
[Table 2]
Code Example 1
45 2-HBB(2F,3F)-02 | 2.97
3-BB(2F,3F)-02 15.84
3-BB(2F,3F)B-2 7.92
50 3-HB(2F,3F)-02 6.93
3-HBB(2F,3F)-02 | 8.415
2-HH-3 7.92
3-HH-V 14.85
5 3-HH-V1 8.91
3-HHB(2F,3F)-02 | 9.9
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3) Example 2

[0126]

4) Example 3

[0127]

EP 3 282 001 A1

(continued)

Code Example 1
3-HH-4 7.425
5-HHB(2F,3F)-02 | 7.92
1-Hch(3C)B(2F)-3 | 1
An 0.1
Ag -3.3
y1 (mPa-s) 108

[Table 3]
Code Example 2
2-HBB(2F,3F)-02 | 2.85
3-BB(2F,3F)-02 15.2
3-BB(2F,3F)B-2 7.6
3-HB(2F,3F)-02 6.65
3-HBB(2F,3F)-02 | 8.075
2-HH-3 7.6
3-HH-V 14.25
3-HH-V1 8.55
3-HHB(2F,3F)-02 | 9.5
3-HH-4 7.125
5-HHB(2F,3F)-02 | 7.6
1-Hch(3C)B(2F)-3 | 5
An 0.102
Ag -3.2
v1 (mPa-s) 110

[Table 4]
Code Example 3
2-HBB(2F,3F)-02 | 2.7
3-BB(2F,3F)-02 14.4
3-BB(2F,3F)B-2 7.2
3-HB(2F,3F)-02 6.3
3-HBB(2F,3F)-02 | 7.65
2-HH-3 7.2
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(continued)
Code Example 3
3-HH-V 13.5
3-HH-V1 8.1
3-HHB(2F,3F)-02 | 9
3-HH-4 6.75

5-HHB(2F,3F)-02 | 7.2
1-Hch(3C)B(2F)-3 | 10

An 0.104
Ag -3.1
y1 (mPa-s) 113

(2) Second liquid crystal composition

[0128] Refractive index anisotropy (An), dielectric anisotropy (Ae), and rotary viscosity (y1) of liquid crystal compositions
according to respective contents (0 wt%, 1 wt%, 5 wt%, and 10 wt%) of liquid crystal compounds represented by Chemical
Formula 7 below are shown in Tables 5 to 8. The contents of the comparative example and the Examples below were
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indicated by wt%.

1) Comparative example 2

[0129]

[Chemical Formula 7]

R

[Table 5]

Code Comparative example 2
2-HBB(2F,3F)-02 | 3
3-BB(2F,3F)-02 16
3-BB(2F,3F)B-2 8
3-HB(2F,3F)-02 7
3-HBB(2F,3F)-02 | 8.5
2-HH-3 8
3-HH-V 15
3-HH-V1 9
3-HHB(2F,3F)-02 | 10
3-HH-4 75
5-HHB(2F,3F)-02 | 8
2-Hch(3C)B(2F)-3 | 0

An 0.1
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2) Example 4

[0130]

3) Example 5

[0131]

EP 3 282 001 A1
(continued)

Code Comparative example 2

Ag -3.3

v1 (mPa-s) 108

[Table 6]
Code Example 4
2-HBB(2F,3F)-02 | 2.97
3-BB(2F,3F)-02 15.84
3-BB(2F,3F)B-2 7.92
3-HB(2F,3F)-02 6.93
3-HBB(2F,3F)-02 | 8.415
2-HH-3 7.92
3-HH-V 14.85
3-HH-V1 8.91
3-HHB(2F,3F)-02 | 9.9
3-HH-4 7.425
5-HHB(2F,3F)-02 | 7.92
2-Hch(3C)B(2F)-3 | 1
An 0.1
Ag -3.3
y1 (mPa-s) 108
[Table 7]

Code Example 5
2-HBB(2F,3F)-02 | 2.85
3-BB(2F,3F)-02 15.2
3-BB(2F,3F)B-2 7.6
3-HB(2F,3F)-02 6.65
3-HBB(2F,3F)-02 | 8.075
2-HH-3 7.6
3-HH-V 14.25
3-HH-V1 8.55
3-HHB(2F,3F)-02 | 9.5
3-HH-4 7.125
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(continued)
Code Example 5
5-HHB(2F,3F)-02 | 7.6
2-Hch(3C)B(2F)-3 | 5
An 0.102
Ag -3.2
y1 (mPa-s) 111
4) Example 6
[0132]
[Table 8]
Code Example 6
2-HBB(2F,3F)-02 | 2.7
3-BB(2F,3F)-02 14.4
3-BB(2F,3F)B-2 7.2
3-HB(2F,3F)-02 6.3
3-HBB(2F,3F)-02 | 7.65
2-HH-3 7.2
3-HH-V 135
3-HH-V1 8.1
3-HHB(2F,3F)-02 | 9
3-HH-4 6.75
5-HHB(2F,3F)-02 | 7.2
2-Hch(3C)B(2F)-3 | 10
An 0.104
Ag -3.1
y1 (mPa-s) 114

(3) Third liquid crystal composition
[0133] Refractiveindex anisotropy (An), Dielectric anisotropy (Ae), and rotary viscosity (y1) of liquid crystal compositions
according to respective contents (0 wt%, 1 wt%, 5 wt%, and 10 wt%) of liquid crystal compounds represented by Chemical

Formula 8 below are shown in Tables 9 to 12. The contents of the comparative example and the Examples below were
represented by wt%.

[Chemical Formula 8]

F
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1) Comparative example 3

[0134]

2) Example 7

[0135]
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[Table 9]
Code Comparative example 3
2-HBB(2F,3F)-02 | 3
3-BB(2F,3F)-02 16
3-BB(2F,3F)B-2 8
3-HB(2F,3F)-02 7
3-HBB(2F,3F)-02 | 8.5
2-HH-3 8
3-HH-V 15
3-HH-V1 9
3-HHB(2F,3F)-02 | 10
3-HH-4 75
5-HHB(2F,3F)-02 | 8
2-Hch(3C)B(3F)-3 | 0
An 0.1
Ag -3.3
y1 (mPa-s) 108

[Table 10]

Code

Example 7

2-HBB(2F,3F)-02 | 2.97

3-BB(2F,3F)-02 15.84

3-BB(2F,3F)B-2 7.92

3-HB(2F,3F)-02 6.93

3-HBB(2F,3F)-02 | 8.415

2-HH-3 7.92
3-HH-V 14.85
3-HH-V1 8.91

3-HHB(2F,3F)-02 | 9.9

3-HH-4

7.425

5-HHB(2F,3F)-02 | 7.92

2-Hch(3C)B(3F)-3 | 1

An 0.1
Ag -3.3
y1 (mPa-s) 108
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3) Example 8

[0136]

4) Example 9

[0137]
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[Table 11]
Code Example 8
2-HBB(2F,3F)-02 | 2.85
3-BB(2F,3F)-02 15.2
3-BB(2F,3F)B-2 7.6
3-HB(2F,3F)-02 6.65
3-HBB(2F,3F)-02 | 8.075
2-HH-3 7.6
3-HH-V 14.25
3-HH-V1 8.55
3-HHB(2F,3F)-02 | 9.5
3-HH-4 7.125
5-HHB(2F,3F)-02 | 7.6
2-Hch(3C)B(3F)-3 | 5
An 0.102
Ag -3.2
v1 (mPa-s) 111

[Table 12]
Code Example 9
2-HBB(2F,3F)-02 | 2.7
3-BB(2F,3F)-02 14.4
3-BB(2F,3F)B-2 7.2
3-HB(2F,3F)-02 6.3
3-HBB(2F,3F)-02 | 7.65
2-HH-3 7.2
3-HH-V 135
3-HH-V1 8.1
3-HHB(2F,3F)-02 | 9
3-HH-4 6.75
5-HHB(2F,3F)-02 | 7.2
2-Hch(3C)B(3F)-3 | 10
An 0.104
Ag -3.1
y1 (mPa-s) 114
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(4) Fourth liquid crystal composition
[0138] Refractiveindex anisotropy (An), Dielectric anisotropy (Ae), and rotary viscosity (y1) of liquid crystal compositions

according to respective contents (0 wt%, 1 wt%, 5 wt%, and 10 wt%) of liquid crystal compounds represented by Chemical
Formula 9 below are shown in Tables 13 to 16. The contents of the comparative example and the Examples below were
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indicated by wt%.

[Chemical Formula 9]

R
F
1) Comparative example 4
[0139]
[Table 13]
Code Comparative example 4
2-HBB(2F,3F)-02 3
3-BB(2F,3F)-02 16
3-BB(2F,3F)B-2 8
3-HB(2F,3F)-02 7
3-HBB(2F,3F)-02 8.5
2-HH-3 8
3-HH-V 15
3-HH-V1 9
3-HHB(2F,3F)-02 10
3-HH-4 75
5-HHB(2F,3F)-02 8
2-Hch(3C)B(2F,6F)-3 | 0
An 0.1
Ag -3.3
y1 (mPa-s) 108
2) Example 10
[0140]
[Table 14]
Code Example 10
2-HBB(2F,3F)-02 2.97
3-BB(2F,3F)-02 15.84
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3) Example 11

[0141]

4) Example 12

[0142]

EP 3 282 001 A1

(continued)
Code Example 10
3-BB(2F,3F)B-2 7.92
3-HB(2F,3F)-02 6.93
3-HBB(2F,3F)-02 8.415
2-HH-3 7.92
3-HH-V 14.85
3-HH-V1 8.91
3-HHB(2F,3F)-02 9.9
3-HH+4 7.425
5-HHB(2F,3F)-02 7.92
2-Hch(3C)B(2F,6F)-3 | 1
An 0.1
Ag -3.3
y1 (mPa-s) 108

[Table 15]
Code Example 11
2-HBB(2F,3F)-02 2.85
3-BB(2F,3F)-02 15.2
3-BB(2F,3F)B-2 7.6
3-HB(2F,3F)-02 6.65
3-HBB(2F,3F)-02 8.075
2-HH-3 7.6
3-HH-V 14.25
3-HH-V1 8.55
3-HHB(2F,3F)-02 9.5
3-HH+4 7.125
5-HHB(2F,3F)-02 7.6
2-Hch(3C)B(2F,6F)-3 | 5
An 0.101
Ag -3.2
y1 (mPa-s) 111
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[Table 16]

Code Example 12
2-HBB(2F,3F)-02 27

5 3-BB(2F,3F)-02 14.4
3-BB(2F,3F)B-2 7.2
3-HB(2F,3F)-02 6.3

10 3-HBB(2F,3F)-02 7.65
2-HH-3 7.2
3-HH-V 135
3-HH-V1 8.1

" 3-HHB(2F,3F)-02 9
3-HH4 6.75
5-HHB(2F,3F)-02 7.2

20 2-Hch(3C)B(2F,6F)-3 | 10
An 0.103
Ag -3
y1(mPa-s) 115

25

(5) Fifth liquid crystal composition

[0143] Refractiveindex anisotropy (An), Dielectric anisotropy (Ae), and rotary viscosity (y1) of liquid crystal compositions
according to respective contents (0 wt%, 1 wt%, 5 wt%, and 10 wt%) of liquid crystal compounds represented by Chemical
Formula 10 below are shown in Tables 17 to 20. The contents of the comparative example and the Examples below
were indicated by wt%.

30

[Chemical Formula 10]

F F
Oa®aWs;
F

35

40

1) Comparative example 5

45
[0144]

[Table 17]

Comparative example 5

Code
2-HBB(2F,3F)-02 | 3
3-BB(2F,3F)-02 16
3-BB(2F,3F)B-2 8
3-HB(2F,3F)-02 7
3-HBB(2F,3F)-02
2-HH-3 8

50

55
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2) Example 13

[0145]

3) Example 14

[0146]
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(continued)
Code Comparative example 5
3-HH-V 15
3-HH-V1 9
3-HHB(2F,3F)-02 | 10
3-HH-4 75
5-HHB(2F,3F)-02 | 8
2-Hch(3F)B(F,F)-F | 0
An 0.1
Ag -3.3
y1 (mPa-s) 108
[Table 18]
Code Example 13
2-HBB(2F,3F)-02 | 2.97
3-BB(2F,3F)-02 15.84
3-BB(2F,3F)B-2 7.92
3-HB(2F,3F)-02 6.93
3-HBB(2F,3F)-02 | 8.415
2-HH-3 7.92
3-HH-V 14.85
3-HH-V1 8.91
3-HHB(2F,3F)-02 | 9.9
3-HH-4 7.425
5-HHB(2F,3F)-02 | 7.92
2-Hch(3F)B(F,F)-F | 1
An 0.1
Ae -3.1
y1 (mPa-s) 108
[Table 19]
Code Example 14
2-HBB(2F,3F)-02 | 2.85
3-BB(2F,3F)-02 15.2
3-BB(2F,3F)B-2 7.6
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(continued)
Code Example 14
3-HB(2F,3F)-02 6.65
3-HBB(2F,3F)-02 | 8.075
2-HH-3 7.6
3-HH-V 14.25
3-HH-V1 8.55
3-HHB(2F,3F)-02 | 9.5
3-HH-4 7.125
5-HHB(2F,3F)-02 | 7.6
2-Hch(3F)B(F,F)-F | 5
An 0.1
Ae -2.4
y1 (mPa-s) 109

4) Example 15
[0147]

[Table 20]
Code Example 15
2-HBB(2F,3F)-02 | 2.7
3-BB(2F,3F)-02 14.4
3-BB(2F,3F)B-2 7.2
3-HB(2F,3F)-02 6.3
3-HBB(2F,3F)-02 | 7.65
2-HH-3 7.2
3-HH-V 13.5
3-HH-V1 8.1
3-HHB(2F,3F)-02 | 9
3-HH-4 6.75
5-HHB(2F,3F)-02 | 7.2
2-Hch(3F)B(F,F)-F | 10
An 0.099
Ae -1.4
y1 (mPa-s) 110

(6) Sixth liquid crystal composition

[0148] Refractiveindex anisotropy (An), Dielectric anisotropy (Ae), and rotary viscosity (y1) of liquid crystal compositions
according to respective contents (0 wt%, 1 wt%, 5 wt%, and 10 wt%) of liquid crystal compounds represented by Chemical
Formula 11 below are shown in Tables 21 to 24. The contents of the comparative example and the Examples below
were represented by wt%.
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1) Comparative example 6

[0149]

2) Example 16

[0150]
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[Chemical Formula 11]

F
Da®aWs;
F

[Table 21]
Code Comparative example 6
2-HBB(2F,3F)-02 3
3-BB(2F,3F)-02 16
3-BB(2F,3F)B-2 8
3-HB(2F,3F)-02 7
3-HBB(2F,3F)-02 8.5
2-HH-3 8
3-HH-V 15
3-HH-V1 9
3-HHB(2F,3F)-02 10
3-HH-4 7.5
5-HHB(2F,3F)-02 8
2-Hch(3C)B(F,F)-F | 0
An 0.100
Ag -3.3
y1 (mPa-s) 108

[Table 22]

Code Example 16

2-HBB(2F,3F)-02 2.97

3-BB(2F,3F)-02 15.84
3-BB(2F,3F)B-2 7.92
3-HB(2F,3F)-02 6.93

3-HBB(2F,3F)-02 8.415

2-HH-3 7.92
3-HH-V 14.85
3-HH-V1 8.91
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3) Example 17

[0151]

4) Example 18

[0152]
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(continued)
Code Example 16
3-HHB(2F,3F)-02 9.9
3-HH-4 7.425
5-HHB(2F,3F)-02 7.92
2-Hch(3C)B(F,F)-F | 1
An 0.100
Ag -3.2
y1 (mPa-s) 108

[Table 23]
Code Example 17
2-HBB(2F,3F)-02 2.85
3-BB(2F,3F)-02 15.2
3-BB(2F,3F)B-2 7.6
3-HB(2F,3F)-02 6.65
3-HBB(2F,3F)-02 8.075
2-HH-3 7.6
3-HH-V 14.25
3-HH-V1 8.55
3-HHB(2F,3F)-02 9.5
3-HH-4 7.125
5-HHB(2F,3F)-02 7.6
2-Hch(3C)B(F,F)-F | 5
An 0.101
Ag -2.7
v1 (mPa-s) 109

[Table 24]
Code Example 18
2-HBB(2F,3F)-02 27
3-BB(2F,3F)-02 14.4
3-BB(2F,3F)B-2 7.2
3-HB(2F,3F)-02 6.3
3-HBB(2F,3F)-02 7.65
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(continued)
Code Example 18
2-HH-3 7.2
3-HH-V 13.5
3-HH-V1 8.1
3-HHB(2F,3F)-02 9
3-HH-4 6.75

5-HHB(2F,3F)-02 | 7.2
2-Hch(3C)B(F.,F)-F | 10

An 0.102
Ag -2
v1 (mPa-s) 111

(7) Conclusion

[0153] As shown in the comparative example and the Examples, each of the liquid crystal compositions including the
liquid crystal compounds represented by Chemical Formula 6 to Chemical Formula 11 had substantially equivalent rotary
viscosity to a liquid crystal composition not including the liquid crystal compounds represented by Chemical Formulae
6to 11.

2. Rotary viscosity evaluation 2

[0154] Refractive index anisotropy (An), dielectric anisotropy (Ae), and rotary viscosity (y1) of liquid crystal compositions
having various compositions depending on contents of liquid crystal compounds represented by Chemical Formula 12
below are shown in Tables 25 to 44. Tables 25 to 29 show a seventh liquid crystal composition being formulated to form
different liquid crystal compositions containing 0 wt%, 1 wt%, 5 wt%, 10 wt%, and 15 wt% of a liquid crystal compound
represented by Chemical Formula 12 below without a liquid crystal compound having a terminal alkenyl group. Tables
30 to 34 show an eighth liquid crystal composition and Tables 35 to 39 show a ninth liquid crystal composition being
formulated to form different low rotary viscosity liquid crystal compositions containing 0 wt%, 1 wt%, 5 wt%, 10 wt%,
and 15 wt% of the liquid crystal compound represented by Chemical Formula 12 below. Tables 40 to 44 show a tenth
liquid crystal composition being formulated to form a liquid crystal composition comprising a polar liquid crystal compound
having a terminal alkenyl group, and also containing a liquid crystal compound represented by Chemical Formula 12
below. The contents of the comparative example and the Examples below were indicated by wt%.

[Chemical Formula 12]

o

(1) Seventh liquid crystal composition

1) Comparative example 7

[0155]
[Table 25]
Code Comparative example 7
2-BB-2 12.7
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2) Example 19

[0156]

3) Example 20

[0157]
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(continued)
Code Comparative example 7
2-H10B(2F,3F)-02 12.5
2-HH-3 18
3-HBB(2F,3F)-02 22
3-HBB-2 10.5
3-HH-4 75
3-HH10B(2F,3F)-02 | 16.8
0-chB-O1 0
An 0.112
Ag -3.6
v1 (mPa-s) 113
[Table 26]
Code Example 19
2-BB-2 12.6

2-H10B(2F,3F)-02 12.4

2-HH-3

17.8

3-HBB(2F,3F)-02 21.8

3-HBB-2

10.4

3-HH-4

7.4

3-HH10B(2F,3F)-02 | 16.6

0-chB-01 1
An 0.112
Ag -3.6
v1 (mPa-s) 111
[Table 27]
Code Example 20
2-BB-2 12.1

2-H10B(2F,3F)-02 11.9

2-HH-3

17.0

3-HBB(2F,3F)-02 20.9

3-HBB-2

10.0

3-HH-4

7.1
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4) Example 21

[0158]

5) Example 22

[0159]
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(continued)
Code Example 20
3-HH10B(2F,3F)-02 | 16.0
0-chB-01 5
An 0.111
Ag -3.4
y1 (mPa-s) 106

[Table 28]
Code Example 21
2-BB-2 11.4
2-H10B(2F,3F)-02 11.3
2-HH-3 16.1
3-HBB(2F,3F)-02 19.8
3-HBB-2 9.5
3-HH-4 6.8
3-HH10B(2F,3F)-02 | 15.1
0-chB-01 10
An 0.11
Ag -3.2
y1 (mPa-s) 100

[Table 29]
Code Example 22
2-BB-2 10.8
2-H10B(2F,3F)-02 10.6
2-HH-3 15.3
3-HBB(2F,3F)-02 18.7
3-HBB-2 9.0
3-HH-4 6.3
3-HH10B(2F,3F)-02 | 14.3
0-chB-01 15
An 0.109
Ag -3.1
v1 (mPa-s) 95.0
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(2) Eighth liquid crystal composition

1) Comparative example 8

[0160]

2) Example 23

[0161]

3) Example 24

[0162]

[Table 30]
Code Comparative example 8
2-BB-2 12.7
2-H10B(2F,3F)-02 12.5
2-HH-3 15.5
3-HBB(2F,3F)-02 22
3-HBB-2 10.5
V-HH-3 10
3-HH10B(2F,3F)-02 | 16.8
0-chB-O1 0
An 0.111
Ag -3.6
v1 (mPa-s) 113
[Table 31]
Code Example 23
2-BB-2 12.6

2-H10B(2F,3F)-02 12.4

2-HH-3

15.3

3-HBB(2F,3F)-02 21.8

3-HBB-2

10.4

V-HH-3

9.9

3-HH10B(2F,3F)-02 | 16.6

0-chB-01 1
An 0.111
Ag -3.5
y1 (mPa-s) 112
[Table 32]
Code Example 24
2-BB-2 12.1
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4) Example 25

[0163]

5) Example 26

[0164]
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(continued)
Code Example 24
2-H10B(2F,3F)-02 11.9
2-HH-3 14.6
3-HBB(2F,3F)-02 20.9
3-HBB-2 10.0
V-HH-3 9.5
3-HH10B(2F,3F)-02 | 16.0
0-chB-01 5
An 0.11
Ag -3.4
v1 (mPa-s) 106

[Table 33]
Code Example 25
2-BB-2 11.4
2-H10B(2F,3F)-02 11.3
2-HH-3 13.9
3-HBB(2F,3F)-02 19.8
3-HBB-2 9.5
V-HH-3 9.0
3-HH10B(2F,3F)-02 | 15.1
0-chB-01 10
An 0.109
Ag -3.2
v1 (mPa-s) 100

[Table 34]
Code Example 26
2-BB-2 10.8
2-H10B(2F,3F)-02 10.6
2-HH-3 13.2
3-HBB(2F,3F)-02 18.7
3-HBB-2 8.9
V-HH-3 8.5
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(3) Ninth liquid crystal composition
1) Comparative example 9

[0165]
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2) Example 27

[0166]

(continued)
Code Example 26
3-HH10B(2F,3F)-02 | 14.3
0-chB-01 15
An 0.108
Ag -3.0
y1 (mPa-s) 95.0
[Table 35]
Code Comparative example 9
2-BB-2 12.7
2-H10B(2F,3F)-02 12.5
2-HH-3 16.5
3-HBB(2F,3F)-02 22
3-HBB-2 10.5
3-HH-4 5
3-HH10B(2F,3F)-02 | 15.8
3-HH-V1 5
0-chB-O1 0
An 0.113
Ag -3.5
y1 (mPa-s) 112
[Table 36]
Code Example 27
2-BB-2 12.6
2-H10B(2F,3F)-02 12.4
2-HH-3 16.2
3-HBB(2F,3F)-02 21.8
3-HBB-2 10.4
3-HH-4 5.0
3-HH10B(2F,3F)-02 | 15.6
3-HH-V1 5.0
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3) Example 28

[0167]

4) Example 29

[0168]
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(continued)
Code Example 27
0-chB-01 1.0
An 0.112
Ag -3.5
v1 (mPa-s) 110

[Table 37]
Code Example 28
2-BB-2 12.1
2-H10B(2F,3F)-02 11.9
2-HH-3 15.5
3-HBB(2F,3F)-02 20.9
3-HBB-2 10.0
3-HH-4 4.8
3-HH10B(2F,3F)-02 | 15.0
3-HH-V1 4.8
0-chB-01 5.0
An 0.112
Ag -3.3
y1 (mPa-s) 105

[Table 38]
Code Example 29
2-BB-2 11.4
2-H10B(2F,3F)-02 11.3
2-HH-3 14.8
3-HBB(2F,3F)-02 19.8
3-HBB-2 9.5
3-HH-4 4.5
3-HH10B(2F,3F)-02 | 14.2
3-HH-V1 4.5
0-chB-01 10.0
An 0.11
Ag -3.2
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5) Example 30

[0169]
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(continued)

(4) Tenth liquid crystal composition

1) Comparative example 10

[0170]

Code Example 29
v1 (mPa-s) 99
[Table 39]
Code Example 30
2-BB-2 10.8
2-H10B(2F,3F)-02 10.6
2-HH-3 14.0
3-HBB(2F,3F)-02 18.7
3-HBB-2 8.9
3-HH-4 4.3
3-HH10B(2F,3F)-02 | 13.4
3-HH-V1 4.3
0-chB-01 15.0
An 0.109
Ag -3.0
y1 (mPa-s) 94.0
[Table 40]
Code Comparative example 10
2-BB-2 13.5
2-H10B(2F,3F)-02 4
2-HH-3 29.5
3-HBB(2F,3F)-02 22
3-HBB-2 7
1V-H10B(2F,3F)-02 10
1V-HH10B(2F,3F)-02 | 14
0-chB-O1 0
An 0.111
Ag -3.5
y1 (mPa-s) 100
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2) Example 31

[0171]

3) Example 32

[0172]

4) Example 33

[0173]
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[Table 41]
Code Example 31
2-BB-2 134
2-H10B(2F,3F)-02 4.0
2-HH-3 29.2
3-HBB(2F,3F)-02 21.8
3-HBB-2 6.9
1V-H10B(2F,3F)-02 9.9
1V-HH10B(2F,3F)-02 | 13.8
0-chB-O1 1.0
An 0.11
Ag -3.4
y1 (mPa-s) 99

[Table 42]
Code Example 32
2-BB-2 12.8
2-H10B(2F,3F)-02 3.8
2-HH-3 28.0
3-HBB(2F,3F)-02 20.9
3-HBB-2 6.7
1V-H10B(2F,3F)-02 9.5
1V-HH10B(2F,3F)-02 | 13.3
0-chB-O1 5.0
An 0.11
Ag -3.3
y1 (mPa-s) 96

[Table 43]
Code Example 33
2-BB-2 12.2
2-H10B(2F,3F)-02 3.6

44




10

15

25

30

35

40

45

50

55

EP 3 282 001 A1

(continued)

Code Example 33
2-HH-3 26.5
3-HBB(2F,3F)-02 19.8
3-HBB-2 6.2
1V-H10B(2F,3F)-02 9.0
1V-HH10B(2F,3F)-02 | 12.6
0-chB-O1 10.0
An 0.108
Ag -3.1
y1 (mPa-s) 92

5) Example 34

[0174]

[Table 44]

Code Example 34
2-BB-2 11.5
2-H10B(2F,3F)-02 34
2-HH-3 25.0
3-HBB(2F,3F)-02 18.7
3-HBB-2 6.0
1V-H10B(2F,3F)-02 8.5
1V-HH10B(2F,3F)-02 | 11.9
0-chB-O1 15.0
An 0.108
Ag -3
y1 (mPa-s) 89

(5) Conclusion

[0175] As shown above in the comparative examples and the Examples, the rotary viscosity of the liquid crystal
compositions containing the liquid crystal compound represented by Chemical Formula 12 may decrease as the content
ofthe liquid crystal compound of Chemical Formula 12 increases. Particularly, as for the seventh liquid crystal composition
without the liquid crystal compound having the terminal alkenyl group, the eighth and ninth liquid crystal compositions
containing the liquid crystal compound having the terminal alkenyl group and having a low rotary viscosity, and the tenth
liquid crystal composition containing the polar liquid crystal compound having the terminal alkenyl group, the rotary
viscosity was reduced when the liquid crystal compound represented by Chemical Formula 12 was included in these
compositions.

3. Voltage holding ratio evaluation 1
[0176] FIGS. 5 to 8 are graphs illustrating voltage holding ratios when the above-described seventh to tenth liquid
crystal compositions are comprised in a liquid crystal display, respectively.

[0177] Referring to FIGS. 5 to 8, as the contents of the liquid crystal compounds of Chemical Formula 12 increase,
the voltage holding ratios of the seventh to tenth liquid crystal compositions may increase. The voltage holding ratio of

45



10

15

20

30

35

45

50

55

EP 3 282 001 A1

the eighth liquid crystal composition containing the liquid crystal compound having the terminal alkenyl group increased
significantly with the increase of the contents of the liquid crystal compounds of Chemical Formula 12. The voltage
holding ratio of the tenth liquid crystal composition containing the polar liquid crystal compound having the terminal
alkenyl group also increased significantly with the increase of the contents of the liquid crystal compounds of Chemical
Formula 12.

4. Voltage holding ratio evaluation 2

[0178] FIGS. 9 and 10 are graphs illustrating voltage holding ratios according to the contents of the liquid crystal
compounds of Chemical Formula 12 when a liquid crystal display comprises a liquid crystal composition having negative
dielectric anisotropy (eighth liquid crystal composition) and the conventional liquid crystal composition having positive
dielectric anisotropy, respectively.

[0179] ReferringtoFIG.9, the voltage holding ratio of the liquid crystal composition having negative dielectric anisotropy
increased significantly with the increase of the contents of the liquid crystal compounds of Chemical Formula 12. On the
other hand, referring to FIG. 10, the voltage holding ratios of the liquid crystal composition having positive dielectric
anisotropy may remain almost unchanged with the increase of the contents of the liquid crystal compounds of Chemical
Formula 12.

[0180] According to an exemplary embodiment of the present invention, a liquid crystal composition maintaining low
rotary viscosity and having a high voltage holding ratio and a liquid crystal display comprising the liquid crystal composition
are provided.

Claims
1. Aliquid crystal display comprising:

a first substrate;

a second substrate opposing the first substrate;

an electrode portion provided on at least one of the first and second substrates; and

a liquid crystal layer provided between the first substrate and the second substrate and including a liquid crystal
composition,

wherein the liquid crystal composition comprises at least one of liquid crystal compounds represented by the
following Chemical Formula 1:

[Chemical Formula 1]

ZZ: 7>

A B
n

Zs Za

where Y is H or alkyl having 1 to 5 C atoms, the alkyl having 1 to 5 C atoms includes being not substituted
or wherein one or more -CH,- groups each, independently of one another, is substituted by -C=C-, -CF,0-,
-O-, -CO-0O-, -O-CO- or -O-CO-0 so that O atoms are not directly linked to each other, 1 to 3 H atoms are
substituted by halogen, or combination thereof,

Ais 1,4-cyclohexylene or 1,4-phenylene,

Z,to Z, each, independently of one another, is H, F, Cl, or alkyl having 1 to 2 C atoms,

B is 1,4-cyclohexylene or 1,4-phenylene, wherein B is 1,4-phenylene when at least one of Z; to Z, is F or Cl,
nisOor1,

Zis H, F, Cl, or alkyl having 1 to 2 C atoms, wherein Z is H when Y is H, and

Xis F, Cl, or alkyl having 1 to 4 C atoms, the alkyl having 1 to 4 C atoms includes being not substituted or
wherein one or more -CH,- groups each, independently of one another, is substituted by -C=C-, -CF,0-,
-O-, -CO-0O-, -O-CO- or -O-CO-0- so that O atoms are not directly linked to each other, 1 to 3 H atoms are
substituted by halogen, or combination thereof.
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2. The liquid crystal display of claim 1, wherein the liquid crystal compound of Chemical Formula 1 is present in an
amount exceeding 0 wt% but less than 15 wt% based on a total weight of the liquid crystal composition.

3. The liquid crystal display of claim 1, wherein the liquid crystal compound of Chemical Formula 1 includes at least
one of liquid crystal compounds represented by the following Chemical Formula 1-1:

[Chemical Formula 1-1]

Z 2y 7>

ore=or
n

Zs Za

whereY, A, Z,to Z4, B, n,and Z are as defined in Chemical Formula 1, and R is alkyl or alkoxy having 1 to 4 C atoms.

4. The liquid crystal display of claim 3, wherein the liquid crystal compound of Chemical Formula 1-1 includes at least
one of liquid crystal compounds represented by the following Chemical Formulae 1-1-1 to 1-1-5:

[Chemical Formula 1-1-1]

aOavs

z

[Chemical Formula 1-1-2]
A
Z )
[Chemical Formula 1-1-3]

Z K

O R
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[Chemical Formula 1-1-4]

and

[Chemical Formula 1-1-5]

Z K
Y R

where Y, Z, and R are as defined in Chemical Formula 1-1.

5. Theliquid crystal display of claim 1, wherein the liquid crystal compound represented by Chemical Formula 1 includes
at least one of liquid crystal compounds represented by the following Chemical Formulae 1-2 and 1-3:

[Chemical Formula 1-2]

Zi Z
RO
n
Z3 Za

where Y is H, and A, Z, to Z,, B, n, and X are as defined in Chemical Formula 1, and

[Chemical Formula 1-3]

1 7

2
A
n
Z 4

3 Z

where Y, A, Z, to Z4, B, n, and X are as defined in Chemical Formula 1.

6. The liquid crystal display of claim 5, wherein the liquid crystal compound of Chemical Formula 1-2 includes at least
one of liquid crystal compounds represented by Chemical Formulae 1-2-1 to 1-2-3, and
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the liquid crystal compound of Chemical Formula 1-3 includes at least one of liquid crystal compounds represented

by the following Chemical Formulae 1-3-1 to 1-3-3:

[Chemical Formula 1-2-1]

Z >
ADEOEo
1
Za ,

[Chemical Formula 1-2-2]

ARy
n

Zs Za

and

[Chemical Formula 1-2-3]

i 7

O
n

where Y is H, and A, Z, to Z,, B, n, and X are as defined in Chemical Formula 1,

N

[Chemical Formula 1-3-1]

Z >
YX
n
Za

[Chemical Formula 1-3-2]
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n
Zs Za

and

[Chemical Formula 1-3-3]

Zi Zs
A5
n

where Y, A, Z, to Z4, B, n, and X are as defined in Chemical Formula 1.

The liquid crystal display of claim 5, wherein the liquid crystal compound of Chemical Formula 1-2 includes at least
one of liquid crystal compounds represented by the following Chemical Formulae 1-2-4 and 1-2-5, and

the liquid crystal compound of Chemical Formula 1-3 includes at least one of liquid crystal compounds represented
by the following Chemical Formulae 1-3-4 and 1-3-5:

[Chemical Formula 1-2-4]
R
CReses

[Chemical Formula 1-2-5]

n

[Chemical Formula 1-3-4]
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R
()~ A )F
[Chemical Formula 1-3-5]

and

where A is as defined in Chemical Formula 1.

The liquid crystal display of claim 5, wherein the liquid crystal compound of Chemical Formula 1-2 includes at least
one of liquid crystal compounds represented by the following Chemical Formulae 1-2-6 to 1-2-11, and

the liquid crystal compound of Chemical Formula 1-3 includes at least one of liquid crystal compounds represented
by Chemical Formulae 1-3-6 to 1-3-12:

[Chemical Formula 1-2-6]

[Chemical Formula 1-2-7]

e, e o
VAR A / “<‘x /
; - ) i /
4 e TN
, /7 3 . )
./ SN

[Chemical Formula 1-2-8]
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[Chemical Formula 1-3-7]

x’f‘ | /
) P prse
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[Chemical Formula 1-3-8]

//WR V" ;}—“\ x,rm*"l:
—~ = )\ )
rl"} \—/'f R“v——«-i‘! \\ )'!j

/ ‘\ /
ST, / x\‘x' f—“w(\
jf s / \"2\ / 5,
— P 4 —F
/ N/ N/ N/
/ 3 / \ / s

and

[Chemical Formula 1-3-12]

9. The liquid crystal display of any of the preceding claims, wherein the liquid crystal composition comprises at least
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one of liquid crystal compounds represented by the following Chemical Formula 2 and Chemical Formula 3:

[Chemical Formula 2]

X
/-
OO,

and

[Chemical Formula 3]

where A, n, and X of Chemical Formula 2 and Chemical Formula 3 each, independently of one another, is as defined
in Chemical Formula 1, and R and R’ each, independently of one another, is alkyl or alkoxy having 1 to 4 C atoms.

10. The liquid crystal display of claim 9, wherein any combination of the liquid crystal compound of Chemical Formula
1 and at least one of the liquid crystal compound of Chemical Formula 2 and the liquid crystal compound of Chemical
Formula 3, is present in an amount exceeding 0 wt% but less than 15 wt% based on a total weight of the liquid
crystal composition.

11. The liquid crystal display of any of the preceding claims, further comprising an alignment layer provided between
the first substrate and the liquid crystal layer and between the second substrate and the liquid crystal layer,
wherein the alignment layer includes a polymer obtained by polymerizing a monomer represented by the following
Chemical Formula 4:

[Chemical Formula 4]

Rp—L1 LZQLP;—Rq

o

where Rp and Rq each, independently of one another, is acrylate having 1 to 12 C atoms, methacrylate, an
epoxy group, an oxetane group, a vinyl-ether group, or a styrene group,

L, to L each, independently of one another, is a single bond, an alkyl group having 1 to 10 C atoms, ether,
carbonyl, or carboxyl, and

ois1or2.

12. The liquid crystal display of claim 11, wherein the polymer obtained by polymerizing the monomer represented by
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15.

EP 3 282 001 A1
Chemical Formula 4 includes an oxime or acetophenone photoinitiator.

The liquid crystal display of any of the preceding claims, further comprising a spacer between the first substrate and
the second substrate,
wherein the spacer is an organic polymer material including an oxime or acetophenone photoinitiator.

The liquid crystal display of any of the preceding claims, further comprising a color filter provided on one of the first
and second substrates and displaying color,
wherein the color filter is an organic polymer material including an oxime or acetophenone photoinitiator.

The liquid crystal display of any of the preceding claims, further comprising a black matrix provided on one of the

first and second substrates and blocking transmitted light,
wherein the black matrix includes an organic polymer material including an oxime or acetophenone photoinitiator.
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